INTRODUCTION
============

The estimates for the prevalence of unruptured intracranial aneurysms (UIAs) vary between 0.2 and 9% of the population, depending on angiographic and autopsy studies ([@B1]-[@B6]). In subsequent larger studies ([@B7]-[@B9]), UIAs were detected in 2% to 3% of healthy subjects who underwent MR angiography (MRA). This wide range may reflect methodological differences between studies. Precise prevalence of UIAs is mandatory for the evaluation of testing results for the screening programs for aneurysms in the general population, and the development of a strategy for the management for UIAs, which are influenced by prevalence.

Although intra-arterial digital subtraction angiography (DSA) remains the gold standard for aneurysm delineation, many reports have described the use of MRA as equivalent to DSA for the detection of the vast majority of UIAs because of improved capability of MRI for detecting subtle or small brain abnormalities by higher resolution, field strength, and with more sensitive sequences ([@B10]-[@B12]).

Thus, this report describes a community-based general hospital study that was conducted to estimate the prevalence of incidentally found UIA on the basis of MRA.

MATERIALS AND METHODS
=====================

This retrospective study of prospectively collected samples was conducted in a community-based general hospital in suburban Seoul, Korea. From January 2004 to December 2004, a total of 3049 consecutive patients (M:F = 1118:1931; mean age, 56.3 years; age range, 15-88) underwent MRA for various causes including a routine health check-up at an outpatient clinic. Patients were eligible for enrollment if they had incidental (found by chance) or symptomatic, but UIA. Patients were excluded if they had any sign of: 1) ruptured aneurysms (n = 9); 2) previously clipped aneurysms (n = 21); 3) fusiform, traumatic, and mycotic aneurysms (n = 2); or 4) extradural aneurysms (n = 5). Patients who were thought to be possible candidates for surgical treatment were advised to undergo DSA.

Image Acquisition
-----------------

All MRI examinations were performed on a 1.5-Tesla (T) system with a standard head coil (Philips Medical Systems, Best, The Netherlands). The three dimensional (3D) time-of-flight (TOF) MRA technique was used with the following parameters: Multiple overlapping thin slabs; TR/TE, 27/6.9; flip angle, 20°; three 48 mm slabs; 48 partitions for each slab; effective section thickness, 0.8 mm; matrix, 512 × 256; field of view, 20 cm; one excitation; acquisition time, and less than 10 min. The source images were transferred to a workstation (Philips Medical Systems) running the Advantage Windows software (Easy Vision®; Philips Medical Systems). Maximum intensity projection (MIP), and volume rendering images were created for each data set to evaluate the intracranial aneurysms. Initially, in each of the MIP images, anterior and posterior circulation was interactively rotated around axial and sagittal axes at 15° increments to examine the presence of harbored aneurysms. Further arbitrary oblique projections were also obtained when necessary, to overcome vascular overlapping. As a second step, each detected aneurysm on the MIP images was separately evaluated using targeted volume rendering images to examine the aneurysm morphology and size.

Intra-arterial DSA studies were performed on a digital angiography system (LC plus; GE, Milwaukee, WI) with a 512 × 512 pixel matrix. Three- or four-vessel angiography were used, including both internal carotid arteries (ICAs) and vertebral arteries. With each injection, standard anteroposterior and lateral projections were routinely acquired, with additional views (oblique, transfacial, and contralateral carotid compression) obtained when necessary.

Image Analysis
--------------

We calculated the prevalence of UIAs in terms of age distribution and gender difference. For comparison of the incidence of aneurysms, the 3049 patients were classified according to the following age groups: less than 20, 20 to 39, 40 to 59, 60 to 79, and higher than 80 years.

All MR images were retrospectively and independently reviewed by two dedicated neuroradiologists, one of whom has been practicing in the field of neurointervention. They were unaware of the clinical information and DSA findings. In cases of discordant results, a consensus interpretation by the two readers was completed. The readings were performed with a digital picture archiving and communication system (PACS) (PathSpeed, or Centricity 2.0; GE Healthcare, Mt. Prospect, IL), using MIP images first, and then, a thorough review of source images, and volume rendering projections. The MR images were analyzed, with particular attention to the aneurysm number, location, and size. The name used to describe the aneurysm was based on the junction of the secondary artery arising from the parent artery. The aneurysms were independently measured on a workstation and it was determined in the transverse plane on the axial source images to be the largest diagonal measurement, including any appendages. The superior to inferior dimension was also measured; the final aneurysm size was defined as the larger of the transverse or superior to inferior measurements.

Correlations with cerebral four vessels DSA were available in 70 patients with 83 UIAs. DSA was performed within 90 weeks (range, 1-90 weeks; mean, 12.5 weeks). We classified these 83 aneurysms on the MRA as definite and suspicious groups. A definite aneurysm on MRA was defined when there was a clear demarcation between the parent artery and neck portion of the aneurysm on MRA including source, MIP, and volume rendering images. A suspicious aneurysm on MRA was defined when there was no clear demarcation between the parent artery and the neck portion of the aneurysm. However, there are differences in vessel diameter which were depicted by focal widening or ecstatic change. Then, the results from DSA were compared with the findings from MRA to assess the accuracy of MRA in the diagnosis of UIAs. DSA data were reviewed independently by an interventional neuroradiologist. For cases in which DSA findings differed from MRA findings, the DSA findings were considered as a standard of reference.

Fisher\'s exact test was used to compare the proportion of UIAs according to gender.

RESULTS
=======

Prevalence of Incidentally Detected Unruptured Intracranial Aneurysms
---------------------------------------------------------------------

Of the 3049 patients examined, 164 UIAs were found in 137 patients (M:F = 43:94; mean age, 60.2 years; age range, 20-87 years). The age- and sex-specific prevalence of UIAs was shown in [Table 1](#T1){ref-type="table"}. UIAs were found in 137 (of 3049 patients, 5%) patients, including 43 men (of 1118, 4%) and 94 women (of 1931, 5%). The patients presented as follows: 1) neurologic symptoms (n = 107); headache (n = 51); ischemic cerebrovascular disease (n = 31); dizziness (n = 22), and cranial nerve deficit (n = 3), 2) nonspecific symptoms without neurologic findings (n = 5), 3) for a routine health check-up (n = 25). Twenty-one patients (15%) had multiple aneurysms and in all, a total of 164 aneurysms were detected. No aneurysms were found in 133 young patients aged under 20 years and the prevalence of UIAs showed no relationship with age. One peak appeared in the 60 to 79 years age group (6%), both in male (5%) and female (6%) patients. The prevalence of UIAs was higher in women (5%, 94 of 1931) than in men (4%, 43 of 1118), but the difference was not statistically significant (*p* = 0.2046).

Aneurysmal Characteristics
--------------------------

The distribution of aneurysm locations and sizes for patients who underwent MRA were summarized in [Table 2](#T2){ref-type="table"}. The most frequent site was the distal internal carotid artery where 64 aneurysms (39%) occurred. In particular, 56 (34%) occurred at the paraclinoid portion of the internal carotid artery, followed by 40 (24%) at the middle cerebral artery, 22 (13%) at the posterior communicating artery, 20 (12%) at the anterior communicating artery, 12 (7%) at the vertebrobasilar artery, and six (4%) at the anterior cerebral artery. The diameters of the aneurysms ranged from 2 to 20 mm. In 99% of aneurysms, they measured less than 12 mm. Moreover, 93% of aneurysms were less than 7 mm, and 15% of aneurysms were less than 3 mm.

Direct Comparison between MR Angiography and Digital Subtraction Angiography
----------------------------------------------------------------------------

MR angiography results were compared with DSA findings in 83 UIAs of 70 patients on [Table 3](#T3){ref-type="table"}. In four (4 of 83, 5%) cases, the DSA revealed different findings compared with MRA. Specifically, two cases of a MRA-positive aneurysm found that the DSA findings were completely normal, showing no aneurysms; whereas, DSA showed two additional aneurysms which were not identified by MRA. The false negative aneurysms measured 2 mm and 3.5 mm, respectively and these were located in the middle cerebral artery and cavernous internal carotid artery ([Fig. 1](#F1){ref-type="fig"}), while false positive aneurysms measured less than 3 mm in size and these were located in the anterior communicating artery and anterior cerebral artery on MRA ([Fig. 2](#F2){ref-type="fig"}).

Follow-Up Data
--------------

Of the 164 aneurysms in 137 patients, 19 aneurysms in 17 patients had endovascular treatment and 35 aneurysms in 30 patients underwent open surgical repair of their UIAs. None of the patients who underwent DSA experienced any angiographic complications in these series.

DISCUSSION
==========

In the present study, the prevalence of UIAs on MRA (5%, 137 of 3049) was higher than previously reported ([@B7]-[@B9]). Horikoshi et al. ([@B8]) reported the UIAs prevalence rate of 3% in patients 40 years of age or older and Yue et al. ([@B13]) showed that UIAs were present in only 0.1% of patients 65 years of age or older. However, our result is in the range of prevalence of UIAs in autopsy studies. One plausible explanation is the state-of-the art scanning protocol, which incorporates more sensitive sequences such as MRA including source and volume rendering techniques. It might have yielded good detectability of smaller intracranial aneurysms. The TOF MRA, performed via a volume rendering technique, facilitates the visualization of the vascular surface and intravascular details, while preserving spatial relationships and improves the delineation of small caliber vessels (parent and branch vessels) and the perception of a lobulated aneurysm surface, which contributes to the precision in assessing aneurysm size ([@B14]). The other possible reason is the neurointerventionist\'s concern for detection of UIAs. In addition, selection bias may exist in our study because our study group included some symptomatic patients.

There has been controversy for the age-related increase in the prevalence of UIAs. Earlier studies ([@B3], [@B8]) have reported that the prevalence of UIAs steadily increased with age in both genders, whereas subsequent studies ([@B6], [@B15]) were similar to ours in showing that UIAs have no age-related increase in prevalence. This is likely attributed to the association with a small sample size of the over 80 year old age group. The female predominance of UIAs has been well demonstrated in autopsy or angiographic studies ([@B6], [@B8]). This sex-linked trend was found in our study as in other studies, although the difference was not statistically significant.

More than 90% of UIAs found using autopsy or angiography are less than 10 mm in diameter ([@B3], [@B16]). In our study, most of the aneurysms (93%) were smaller than 7 mm. Further, 20 patients (15%) had aneurysms less than 3 mm. Based on the recent International Study of Unruptured Intracranial Aneurysms (ISUIA), UIAs involving anterior circulation including anterior communicating artery, rupture rates were 0%, 3%, 15%, and 40%, respectively, for UIAs less than 7 mm, 7-12 mm, 13-24 mm, and 25 mm or greater. In comparison, rupture rates were 3%, 15%, 18%, and 50%, respectively, for the same size categories for UIAs involving posterior circulation including the posterior communicating artery ([@B17]). However, several experienced interventional neuroradiologists and neurosurgeons reported that, in practice, many of the ruptured aneurysms encountered were small ([@B18]-[@B20]). According to the recent reports, the prevalence of very small aneurysms (less than 3 mm) ranged from 7 to 15% of all ruptured aneurysms ([@B20]-[@B22]). Although no clear worldwide consensus exists on whether to treat patients with small UIAs, small UIAs may not be safe, as reported in the ISUIA study. Most of the aneurysms (93%) were located in the anterior circulation. UIAs apparently develop in different locations to ruptured aneurysms ([@B3], [@B6], [@B23]). Middle cerebral artery and anterior communicating artery aneurysms tended to be more common in previous studies ([@B6]), unlike our study, in which the most frequent locations of UIAs were was the paraclinoid portion of the internal carotid artery; this result was consistent with a previous study ([@B24]).

Similarly, another previous report ([@B25]) showed common findings with our study in the presence of false-positive lesions smaller than 3 mm in the anterior communicating artery region using MRA, and speculated that it was likely related to the association of loop formations, vessel overlaps, flow signal loss, atherosclerotic plaque, or turbulent flow.

A major strength of our study is the uniform MRI protocol for all subjects. The reviewers were unaware of the characteristics of the subjects, making detection bias unlikely. We used high-resolution, state of the art imaging sequences of MRI. MRA has been increasingly used in research and clinical medicine. Although DSA remains the gold standard in the diagnostic workup of intracranial aneurysms, it is not performed unless the patient is symptomatic or an additional imaging study has been suspicious for an aneurysm. MRI and MRA are less invasive, less expensive, and have lower risks than DSA. A potential limitation with respect to the generalizability of our study results is the fairly homogenous composition of a hospital-based and geographically defined study population. Moreover, our study population may not reflect the demographic population because it was based mainly on patients with clinical encounters. Another drawback is the lack of diagnostic standards for comparison with our consensus MRA findings. Our false-positive results might be higher when all of the patients underwent DSA.

In conclusion, this community-hospital based study suggests a higher prevalence of UIAs observed by MRA than previously reported. These findings should be anticipated for the incidental detection of UIAs in healthy subjects who undergo brain imaging as a part of a health checkup examination.

![False-negative intracranial aneurysm on MR angiography in 58-year-old woman.\
**A, B.** Maximum intensity projection image demonstrates two aneurysms (arrows) on right middle cerebral artery bifurcation **(A)** and M1 segment of left middle cerebral artery **(B)**, respectively. **C, D.** Digital subtraction angiography image demonstrates another 2-mm-sized aneurysm (arrowhead) on M1 segment of left middle cerebral artery, in addition to two aneurysms seen on maximum intensity projection of MR angiography.](kjr-12-547-g001){#F1}

![False-positive intracranial aneurysm on MR angiography in 64-year-old woman.\
**A.** Maximum intensity projection image demonstrates 2-mm-sized aneurysm (arrow) on A2 segment of left anterior cerebral artery. **B.** Volume rendering image shows presence of aneurysm (arrow) at same location. **C.** Digital subtraction angiography image demonstrates no aneurysm. Perforator (arrowhead) of anterior cerebral artery with downward direction mimics aneurysm.](kjr-12-547-g002){#F2}
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Distribution of Unruptured Intracranial Aneurysms According to Age
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Baseline Characteristics of Study Participants
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Correlation of MRA with DSA in 83 UIAs of 70 Patients

![](kjr-12-547-i003)

Note.- DSA = digital subtraction angiography, MRA = MR angiography, UIA = unruptured intracranial aneurysm
